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(54) SiGe FILM FORMING METHOD, MET HOD OF MANUFACTURING HETEROJUNCTION TRANSISTOR 
AND HETEROJUNCTION BIPOLAR TRANSISTOR 

PROBLEMTO BE SOLVED: To prevent an SiGe film on an insulating film from becoming rough and to improve 
film quaSy and film resistance in an SiGe film forming method, a manufacturing method of a heterojunct.on 

SES^^ *• insu,at '"* fiim 6 is provided with a buffer for t 9 r cess 

toformS ^a M SSSSKo (0*x<0.05) on the insulating film and a main film forming process ^ for forming a 
ico^Si(1 Wey L 10 (0.05 S y<1) on the first Si(1-x)Gex film. The buffer forming process forms the first S.(1- 
x)Gex in the thickness range of 0.5 nm to 5 nm. 
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CLAIMS 



rrSmint is the formation method of the SiGe film which is equipped with the following and 
SSSffi^^SSLriaoned buffer formation process forming Si(1-x) _GexfHm of ^he above 1st 

f n ^nmTmore / thickness 1 5nm or less. The buffer formation process which is the method of 
SCK rmonSaSayer, and forms 1st Si(1-x) ^.f^ fi|m 
aforementioned insulator layer. The main film formation process which forms 2nd S.(1-y) Gey film 

ffir^'SS °f tSmwhich is the formation method of a SiGe film according 
[ Xm\T n 6X^^ forming Si(1-y) Gey film of the above 2nd by the reduced pressure 
pvd of 0 133Pa or more pressure range 1 .33x104Pa or less at least. 

Ktata 31 It I the manufacture method of the heterojunction transistor which ,s equipped with the 
Sowing and characterized by the aforementioned SiGe film formation process ormin the 
SZenfione I SiGe film by the formation method of a SiGe film according to claim 1 or 2 The 

S wh°ch formTan insulator layer on Si substrate in which it is the method of manufacturing the 
Sstor which has the base region of SiGe, and the collector M ^ fomml ™ e 
omcess whteh forms in a part of aforementioned insulator layer the window part which leads i to the 
SSS^^SteSDr field. The SiGe film formation process which forms the field w. tf .which ithe 
t^n i Lp tn a base electrode is presented on the aforementioned insulator layer while forming a 
£££. n V^SSS^MiM window part and the aforementioned 1"**^ 
ant forming the aforementioned base region on a window part. The process which forms the emitter 
reaion of Si on the aforementioned base region. „« Q 

claim 4 The aforementioned SiGe film formation process is the manufacture > method of a 
hotJmiunction transistor that it is characterized by germanium composition ratio y of Si(1-y) Gey film of 
IS abound K Xnthe limits of 0.08<=y<=0.3 in the method of manufacturing a heterojunction 

it had the following and the aforementioned outgoing Ins aft 
ESS forced onThe ^mentioned insulator layer (0<=x<0.05) It is the heteroj unction transistor 
leasiwas wmw 05<=v<1 \ formed on S (1-x) Gex film of the above 1st, 
^fcchSSeX SlS ^KTtto is being 0.5nm or more thickness of 5nm or less. 
The iSSSZ u^bto heterounclion transistor which has the base region of SiGe, and was 
The col lector eia wn.cn is ™\ layer with the window part which is formed on the aforementioned 
SiTubs rate anS leads S S collector field' The base region which is formed on the 
^SSS^i^S^^ and consists of a SiGe film. The emitter region of the outgoing , l^e wh«± 
SSrSTaGTfflrn which was formed on the aforementioned insulator layer and connected to the 
aforementioned base region, and Si formed on the aforementioned base region^ 
?r? a fm 6 1 SiH v) Gey film of he above 2nd is a heterojunction transistor to which it is characterized by 

Y being within the limits of 0.08<=y<=0.3 in a heterojunction trans.stor 

according to claim 5. 



[Translation done.] 
DETAILED DESCRIPTION 
[Detailed Description of the Invention] 



Shetechnical field to which invention belongs] this invention relates to the formation method of a SiGe 

bfaSd* "e ^ HB? (heterojunction transistor) which aims at increase of a current gam, and 
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it is a highly efficient device used for a logical circuit, communication system, microwave devices 

3 th* HBtSS >-HBT is called hereafter) using SiGe is carried out in recent years. This SiGe-HBT has 
i JSS «i it not beina necessary to use As with treatment difficult in environment etc. so much 

SSSl Merlc^ng a« « I the silicon wafer with which the collector field was formed as a 
[00041 Aner roming oiy^u siGe for a base reg on, for example, prepanng base 

ZI^S W SSEESg. ep*axia,,y 9 .o this base opening and forming a 
base region, the emitter region <***^£?!Zfi£j!^ JP 2000-31155.A, before performing 

ffiTATSl^^*" in ^conductor Processing The 
£» 3 noSchooing epitaxial growth of SiGe * PJ^^ •*S*a.' fc . 

&,s,,obeSo^W 
"el^isUn^ 

SiSTta drJ »e?tendYto produce higher germanium composition ratio especially required of 
?he £«S "of hIt adhere & an inclination for the effect to tend to become remarkable, so that 

mo^nce' tMOnm of buffer layers of Si is beforehand formed on Si02, although it is thought with 
r^Sn'mrfbuffeMh^ 

the case where the working speed of a transistor forms a base > regie .only by S.Ge ], although base 

Sd and membraneous quality and a membrane resistance can be improved, the manufacture 
Sod of a heterojunction transistor, and a heterojunction bipolar transistor. 

[0010] Dr«hiomi a«s a rp«iult of havina inquired about the membrane formation 

E£££ oftce whe ^Sv^nC^ns S gLanium composition ratios of the fixed range, 
£v foSndoJt that "vS? ThhlGebuferthickness could also improve a film dry area and res,stance 
ItarS Tha Ms this inven ion persons grew the SiGe film into which buffer layer thickness was 
Si ^SSSSZ resistance while they grew the SiGe film which changed germanrum 

" ' Page 3 of 15 



PATENT ABSTRACTS SiGe FILM FORMING METHOD, METHOD OF MANUFACTURING 2001-319935 Mitsubish -Shiono 

£f JAPAN* HETEROJUNCTION TRANSISTOR AND HETEROJUNCTION 



OF JAPAN BIPOLAR TRANSISTOR 



composition ratio on Si02 and investigated the membrane formation state etc. In addition, drawing 5 , 
Sng 6 and drawing 7 are the SEM photographs of the SiGe film which earned out germanium 
rnmnn^itio 'n ratio to 0 04 and 0 13 and 0.30, respectively. Moreover, drawing 8 is an example of a 
ZS^nES^ and is a graph which shows sheet resistance of the SiGe film (the thickness 
on ^rm^m Composition ratio 0^0 and a buffer layer is the same) at the time of growng up S. film as 
a buffer laver on Si02, and changing the thickness of this buffer layer to 0-5nm. 
foul if As £S - drawing 7 show, in the case where germanium composition ratio .s 0.13 ,t turns 
out that a SiGe film is discontinuity-ized partially, it discontinuity-izes completely in the case. 
aermanium composition ratio 0.30, and it does not discontinuity-.ze on the whole by the case of 0.04 to 
Sranes Mfrte* formed, but the good membrane formation state is acquired further Moreover, 
^ drawing s shows, it turns out that resistance is reduced for the thickness of a buffer layer by the 
abbreviation half by 0.5nm, and resistance falls [ thickness ] by 1 figure in 1nm further 
r0012l Therefore, this invention was the technology based on this knowledge, and the following 
composifion was used for it in order to solve the aforementioned technical problem^ Namely the 
formation method of the SiGe film of this invention The buffer formation process which .s the method of 
fo mfng a S^Ge film on an insulator layer, and forms 1st Si(1-x) Gex film (0<=x<0.05) on the 
aforementioned insulator layer, It has the main film formation process wh.ch forms 2nd S.(1-y) Gey film 
Sos^) w Si(1-x) Gex film of the above 1st, and the aforementioned buffer formation process is 
characterized by forming Si(1-x) Gex film of the above 1st in [ 0.5nm or more / th.ckness ] 5nm or less. 

mSX^^^^ Q^ fi'm * *>™ ed in 1 0 5nm or more 1 thickness l 5nm ° r ,e H SS ' the h ^nH 

aver of 10-50nm can be made unnecessary like before, discontinuous-.zat.on (film dry area) of the 2nd 
SiGe film can be improved by the very thin buffer layer, and resistance can also be made to ^resist 
shamly in a buffer formation process by the formation method of th.s S.Ge film. Ir. addition, if 1 st S.(1 -x) 
GeS is set to at least 0.5nm as mentioned above, the effect of reducng resistance sharply rather 
than the case (only 2nd Si(1-y) Gey film) where 1st Si(1-x) Gex film .s not prepared at all will be 
acTu redTor example, if 1st Si(1-x) Gexfilm is set to 0.5nm even if 2nd Si(1-y) Gey film .s germanium 
composition ratio y= 0 3, resistance can be reduced in an abbreviation half, and more preferably if 1nm, 
1 fSure ofTeststance can be lowered. In addition, having set 1st Si(1-x) Gex film to 5nm or less has the 
small effect of the reduction in resistance, even if it thickens more than th.s, and it is for resistance to 

mWU^ex, at least, the formation method of the SiGe film of this invention is suitable, when 
Ki^TGay film of the above 2nd by the reduced pressure CVD of 

range 1 33x1 04Pa or less. That is, although reduced pressure CVD has a possibility that the film dry 
area o ISe film may become remarkable rather than the UHV-CVD which forms ^ me.^ranes b y the 
high vacuum it can acquire the effect of film dry-area suppression notably compared with he growth 
Sods such as UHV-CVD, by applying reduced pressure CVD to the membrane formafion method of 
2nd Si?i f^y) Gey ^m of this invention/Moreover, since reduced pressure CVD can also obtain a good 
SiGe film easilv they are quantities, such as UHV-CVD. 

fuOI Sl ^ m^Le method of the heterojunction transistor of this invention The process which 
Zs an insuLor layer on Si substrate in which it is the method of manufacturing the heterojunction 
Estor which has the base region of SiGe, and the collector field was formed, The process which 
^Ta^of^mientio^ insulator layer the window part which leads to the aforementioned 
coHector field The SiGe film formation process which forms the field with wh.ch the outgoing line to a 
base ^eclrode is pLente^ on the aforementioned insulator layer while forming a S.Ge film ^ un- 
loosing on the aforementioned window part and the aforementioned insulator layer and form.ng the 
aforeSfion^ base region on a window part, It has the process which forms the emitter region of S. 
on the aforementioned base region, and the aforementioned SiGe film formation process is 
characterized by forming the aforementioned SiGe film by the formation method of the S.Ge film of the 
above-mentioned this invention. . 
[001 6] Moreover, the collector field which the heterojunction transistor of this invention is a 
heterojunction transistor which has the base region of SiGe, and was formed in S. substrate, An 
insulator laver with the window part which is formed on the aforement.oned S. substrate and leads to 
Z foremen tinned collector field, The base region which is formed on the aforementioned ^window part 
and consSf of a SiGe film, and the outgoing line which consists of a SiGe film wh.ch was ^formed on 
the aforementioned insulator layer and connected to the aforementioned base region, It has the emitter 
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region of Si formed on the aforementioned base region, at least the ^T^rS^S GeVfifm 
SKI-x) Gex film formed on the aforementioned insulator layer (0<=x<0.05), It has 2nd S.(1-y) Gey film 
% 05<=y<i) ^formed on Si(t-x) Gex film of the above 1st, and Si(1-x) Gex film of the above 1st is 
rharacterized bv beina 0.5nm or more thickness of 5nm or less. 

^ wS^rrSSdurB method of these heterojunction transistors, anc la ^heterojuncfion ^transistor 
2nd 8 m y) Gey film (0.05<=y<1) is formed on 1st Si(1-x) Gex film (0<=x<0.05) and since 1s S.(1-x) 
Gex film is 0 5nm or more thickness of 5nm or less Since 1st thin Si(1-x) Gex film is used as the buffer 
as a SiGe fHm oVa base region while the SiGe film with which the film dry area was suppressed is 
obtained and being able to carry out [ low «" ]-izing of the base outgoing hne on an insulator layer, 

manure method of the heterojunction transistor of this invention Jt is 
dee rable that the aforementioned SiGe film formation process is [ germanium composition ratio y of 
Sid -y) Gey film of the above 2nd ] within the limits of 0.08<=y<=0.3. Moreover, as for the 
he^er^unctionJransistor of this invention, it is desirable that germanium composite ratio y of S.(1-y) 
ri film of the above 2nd is within the limits of 0.08<=y<=0.3. 

$1 QW. *e ^Manufacture method of these heterojunction tan^^J. MrngMm^ 
since germanium composition ratio y of 2nd Si(1-y) Gey film is with.n the l.mits of 0.08<-y<-0.3, a band 
gap suitable as a base region of HBT is obtained. 

[Embodiments of the Invention] Hereafter, the formation method of the SiGe film concerning this 
nvenSon the manufacture method of a heterojunction transistor, and 1 operat.on gestalt of a 
heterojunction bipolar transistor are explained, referring to drawing 3 from draw,ng 1 . 
r00211Drawing1 shows the rough cross-section structure of the heterojunction bipolar transistor s.Hcon 
HBT) SfStoKdX^lf the structure of this HBT is explained together with the manufacture process, 
L« . hnwn in a) of drawing 2 the pad sub collector field 2 doped by n++ by arsenic placng will be 
formed p t pe sf substrate) 1 front face, and the n-Si epitaxial layer 3 of n type single 

crvstal silicon will be further formed in silicon wafer 1 front face by epitaxial growth. 

So22 NeS Tas shown in (b) of drawing 2 , it embeds at the n-Si epitaxial layer 3, and the 1st collector 
weM andl^^ field) which were doped by n + are generated by Lynn 

Sing so that the sub collector field 2 may be arrived at. and it is shown in (c) of drawing 2 - as -- the 

n-Si epitaxial layer 3 - as an insulator .ayer - the ^^^£7^ 
laver) ~ 6 is formed according to a thermal oxidation process then, the 1st SiO two- layer mask 
P?ocessing is performed to 6 it etches alternatively, and the base window part 7 which leads to the 1st 

^S^LI^^ (d) of drawing 2 , the SiGe film 8 is formed in un-choosing on the base 
SI pari 7 an2 the st SiO tw^iylTe. This SiGe film 8 has the two-layer structure of the st S,(1-x) 
Gel :7 m %=x™05) 9 formed as a buffer layer, and the 2nd Si(1-y) Gey film (0.05<=y<1) 10 formed 

^^toSZTtom the SiGe film 8, the 1st Si(1-x) Gex film 9 is first formed by non-choo|ng 
«wtti in [ 0.5nm or more / thickness ] 5nm or less on the base window part 7 and the 1st S.O 
6°buffer formation process). Furthermore, the 2nd Si(1-y) Gey film 10 .s formed by non- 

[S Son fheTst 2(1*4 Se2nd Si(1-y) Gey film 10 form membranes by the 
eSucld jSw'cVD So.iaSP. or more pressure range 1.33x1 04Pa or less. Moreover, germanium 
S3«uS v of the 2nd Si(1-y) Gey film 10 is more preferably set up within the limits of 
u 08<= y <=S 3 Keovef, while themembrane formation temperature in this reduced pressure CVD is 
ftnn ftnri dearees C H2 is used as carrier gas and SiH4 and GeH4 are used as source gas. 
^pfS££^£^ Process, the 1st Si(1-x) Gex film 9 and the 2nd Si(1- y ) iGey film 10 
wrth whTch the 1st Si(1-x) Gex film 9 and the 2nd Si(1-y) Gey film 10 which are formed^ the base 
Sow part 7 are formed as an epitaxial layer of a single crystal 2d 
laver 6 are formed as a non-epitaxial layer of a polycrystal. In addition, the 1s1 Si(1-x) Gex film 1 9 a ina 
the 2nd SK1 y) Gey film 1 0 are doped by p by boron. Thus, the base region 1 1 of the heterojunction by 

SSSS ^X^SS- the 2nd Si(1-y) Gey film 10, it etches alternatively and 
^o!7inTa)rt drawing 3 , it leaves the portion with which the base outgoing line 12 and a base 
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roninn 1 1 are oresented and the 1st Si(1-x) Gex film 9 and the 2nd Si(1-y) Gey film 10 are removed. 
Xer^ Gey film [which remained as shown in (b) of drawing] 10, and 

1 «t <?iO two-laver the 6 top - the 2nd SiO two-layer - 1 3 is formed .... , , 

0028uS on the 2nd SK> two-layer 13, mask processing is performed, wet etch.ng .s Performed 
LitorniS and the emitter window part 14 which leads to a base region 1 1 is formed Then, on the 
eE ^3ST^l72dK 2nd SiO two-layer 13, Si is grown epitaxially by CVD S, s,ngle crystal 
faver 15 is formed to the emitter window part 14, and an emitter region 16 is formed. And mask 

to the emitter window part 14, it leaves the portion^ with which an emitter region 
ifi is oresented and etching processing removes Si on the 2nd SiO two-layer 13 
00291 Ne^ ^ mask processing is performed on the 2nd SiO two-layer 13, wet etching is Performed 
23S and as shown iS (c) of drawing 3 , the base-electrode window part 17 wh.ch leads to the 
- base oSng Tine 12, the emitter electrode window part 18 which leads to an emitter reg.on 16, and 
the ^coSr-electrode window part 1 9 which leads to the 2nd collector well 5 are formed Then, HBT of 
hta ?rarttor ^s alt is manufactured by embedding a metallic material alternatively at the base- 
^m!S3S^^ emitter electrode window part 18, and the collector-electrode window part 
19 and foling a base electrode 20, the emitter electrode 21 , and a collector electrode 22, 

[oOWn the formation method of the SiGe film of this operation gesta.t the manu^u method of 
uqt «nH hrt ThP 2nd Si(1-v) Gev film 10 (0.05<=y<1) is formed on the 1st Si(1-x) Gex film 9 
^I X <S osf an ^since the 1st slo-x Gex film 9 is O.Snm or more thickness of 5nm or less While the 
^^L iiTv^ Xhef^ area was suppressed is obtained and being able to carry out [ low 
- t-Sing ^oT hetase outgohg Hne 1 2 on the 1 st SiO two-layer 6, as a SiGe film 8 of a base region 1 11 
Sini the 1st thin Si(1-x) Gex film 9 is used as the buffer, as a whole, base — becomes th.n and can 

raOsTl moreover* 1 SI reduced pressure CVD of 0.133Pa or more pressure range 1.33x104Pa 
oMess™e ^nTsi( T-^G^ 10 is formed and reduced pressure CVD can also obtain a good SiGe 
L^rito Wnjileto acquire the effect of film dry-area suppression notably compared wrth the 
g^mrtc*. such as UHV-CVD, the need of using high-vacuum technology, such as UHV-CVD 
Sn be Sst and productivity etc. can be raised In addition, since germanium composition ratio y of the 
?n2 S?(1°y) Gey film 10 is within the limits of 0.08<=y<=0.3, a band gap suitable as a base reg.on 1 1 of 
HBT is obtained. 

[Example] Next an example explains concretely the formation method of the SiGe film concerning this 
Kor f the manufacture method of a heterojunction transistor, and a heterojunct.on bipolar 

fOoSnst Si(1-x) Gex film and 2nd Si(1-y) Gey film were actually formed on SiO two-layer [ 1st ] like 
hfab^e-ment^oned operation gestalt, and the membrane formation state a nd res.sta nee (sheet 
resistance! were investigated. In addition, germanium composition ratio y of 2nd S.(l-y) Gey film of the 
Example conc^mlng this invention is 0.30. Moreover, thickness is 5nm and, as for 1st S.(1-x) Gex film, 

fooTpSsnows SiGe film by the example of this invention. When 

hfs dJaS^rcompared with drawing 7 as an example of comparison, by the case of this example^ it 
u nSth^t continuation and the good membrane formation state are acquired to S.Ge d.scont.nuity- 

m Mnttie ^casl^tne example of Comparison which does not have a buffer layer, and membranes 

100351 SloveT when the sheet resistance at the time of forming a SiGe layer (germanium 
cVmpoSatio 0.30) was investigated, as shown in drawing 8 , to having been 1 xlOSohms, in the 
example o this invention, in the case of a SiGe layer without a buffer layer it 'S.1x104ohms , and 't had 
a?so formed 1 figure into ow resistance. Thus, in the case where th.s mven ion is apphed, while the 
good fim was obtained compared with the former, large low resistance-.zat.on i was 
[0036 In addition this invention also includes the following operation gestalten With the above- 
l r^o^S2SoS gestalt. although the formation method of the SiGe film of th.s .nventjon^ was 
appl ed I to .the base outgoing-line formation in HBT, you may apply to manufacture of other devices 
S have the structure which formed the SiGe film on the insulator layer. For example, in MOS 
s^udures such a™ an MOS transistor, when forming a SiGe film as a gate electrode on a gate ox.de 
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composition ratio formed the fixed layer as 1st SiGe film with the 
above-m^nToned operation gestalt, the 1st SiGe film which is changing within the l.mrts of 0<=x<0.05 is 
suffictent as germanium composition ratio x. For example, it is contained in this invention, when the 
S2£ layeHowaTd which composition inclined is formed and germanium composition ratio x forms the 
I Ge \%% To™ Is further on the SiGe layer of this inclination composition, making germanium 
composition ratio x increase gradually from 0 to 0.15 on an insulator layer S.02 . 
rn0381 That is if the field of the layer which has early germanium composition ratio x of 0<-x<0.05 
amonaS 'avers formed on an insulator layer is 0.5nm <= 5nm or less .n 

thTckness thSSSrfthl. layer can regard it as the 1st SiGe film in this invention. And germanium 
romrStior . ratio x afte this field can consider that the SiGe fields from 0.05 to 0.15 are the 2nd S.Ge 
^E^^^us. ftT2nd SiGe film which forms membranes on the 1st SiGe film in th,s 
JS^STata^oSins the SiGe layer formed continuously, without interrupting a membrane formation 
process after membrane formation of the 1st SiGe film. 

rEffect of the Invention] According to this invention, the following effects are done so. Since 1st Si(l-x) 
G^x film tefo^nTo.5nm or more / thickness ] 5nm or less in a buffer formation process according 
to thrfrmSirmefhod of the SiGe film of this invention Make unnecessary the thick buffer layer of 10- 
50nm Hke before and discontinuous-ization (film dry area) of the 2nd S.Ge film is improved by the 
buffer aver of vJry thin thickness, resistance can also be made to form into low resistance sharply and 
2S«Xsi^m on an insulator layer to various devices - low - it becomes possible to use as 

^ [ ^^S!^to the manufacture method of the heterojunction transistor of this invention, 
R transistor 2nd Si(1-y) Gey film (0.05<=y<1) is formed on 1st S<1-x) Gex Jilm 

?0<=x<0 05) and since 1st Si(1-x) Gex film is 0.5nm or more thickness of 5nm or less The S.Ge film 
lith Sch th Sim 'drTaraa was suppressed on the insulator layer is obtained, and the ifihrr, i which can 
be "used as a low resistance base outgoing line can be obtained in spite of thin buffer thickness. 
Consequent TsfrJe base region can be produced now without a thick buffer ayer, and non-choos.ng 
epi?ax1a"gnowlh can realize SiGe-HBT in which more nearly high-speed operation is possible. 



[Translation done.] 
TECHNICAL FIELD 



rrhe technical field to which invention belongs] this invention relates to the formation method of a SiGe 
film r« fthTmanufacture method of a heterojunction transistor suitable as a base outgo.ng line for 
example, in a heterojunction transistor, and a heterojunction bipolar transistor. 



[Translation done.] 
PRIOR ART 



fDescriDtionofthe Prior Art] By enlarging the band gap of an emitter region and raising emitter injection 
LfficterK ^ sharply rather than a base region, in low noise and Si, the high-speed operation which cannot 
be attuned is possible for HBT (heterojunction transistor) which aims at increase of a current gam, and 
K is a highly efficient device used for a logical circuit, communication system, microwave devices 

(amplifier used for A/D conversion), etc. . AiraAefl( . 

00031 Conventionally, although HBT was manufactured by the combination of GaAs and AIGaAs etc 
^tmiZiSSiw* (silicon-germanium) is smaller than Si (silicon), the development research 
o toe HBT (SK3e-HBT is ca ed hereafter) using SiGe is carried out in recent years. This SiGe-HBT has 
t^ advSage o?it not being necessary to use As with treatment difficult in environment etc. so much 
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compared with Si in which a manufacturing cost falls compared with the possibility of mixed loading 
5K of 1 chip) with abundant Si processes of technical accumulation, and S.-LSI which is easy to 

foOMl After fo^ng^^n the silicon wafer with which the collector field was formed as a 
manu acture pncess of SiGe-HBT which uses SiGe for a base region, for example, preparing base 
owning [(base Sow part) to this Si02, growing SiGe epitaxially to this base opening and forming a 
h«QP reaion the emitter region of Si is formed on a base region. 

m005 In addrtion Tn the former, for example, JP.9-181091.A, and JP,2000-31155,A, before performing 
EmtoX^dal growth of SiGe, the technology which forms 10-50nm of S. as a buffer .s 
indicate ^ Moreover for example, by D.LHarame etc. and J(IEEE Transactions on Electron Devices, 
Vo 42 No ^ March1995 p469^L.Regolini, in case you process base opening (Materials Science in 
^pr^conductor^ocessingT deposit a polycrystal Si thin film all over a wafer, and let th.s be a mask. 
?he tecSnoSgy of P e3^^ epitaxial growth of SiGe is proposed without exfoliating a 

polycrystal Si thin film, after **"******ing the insulator layer of the base section. 



[Translation done.] 

EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, the following effects are done so. Since 1st Si(1-x) 
Gex fi m is fo med in [ 0.5nm or more / thickness ] 5nm or less in a buffer formation process according 
to the formatton method of the SiGe film of this invention the thick buffer layer of 10-50nm can be made 
JnJ^^to iSSe, discontinuous-ization (film dry area) of the 2nd SiGe film can be unproved by 
the bSa^yer of very thin thickness, resistance can also be made to form into low resist ^ sharply, 
and the SiGe film on an insulator layer can be set to various dev.ces - low - it becomes possible to 

raWOI method of tne he ter °j unction in Yf nti0n ' 

and Si TheTerojunction transistor 2nd Si(1-y) Gey film (0.05<=y<1) is formed on 1st S<1-x) Gex : Ifcn 
?0<=x<0 05), and since 1st Si(1-x) Gex film is 0.5nm or more thickness of 5nm or less The S.Ge film 
with which the film dry area was suppressed on the insulator layer is obtained, and it is thin buffer 
thickness The film which can be used as a low resistance base outgoing line can be obtained. 
CorSently a SiGe base region can be produced now without a thick buffer layer, and non-choosing 
epitaxial growth can realize SiGe-HBT in which more nearly high-speed operation is possible. 



[Translation done.] 
TECHNICAL PROBLEM 

[Problem(s)tobeSolvedbythe Invention] However, the following technical problems are left behind in 
he above Mentioned Prior art. In SiGe-HBT which makes SiGe form by non-choosing ep.tax.al growth, 
while the epitaxial layer which grows up to be base opening is used as a base layer base region) the 
oolvcrvstal laver which grows on Si02 succeeding a base layer is used as a base outgoing line. In this 
S^H^^K^m«l on Si02, the polycrystal layer which grows on Si02 will start a film dry 
m resistance of a base outgoing line becomes high as a result, and transistor characteristics nuq r be 
degraded A film dry area tends to produce higher germanium composition ratio especially requ.red I of 
the base region of HBT, and there is an inclination for the effect to tend to become remarkable, so that 

JSoo^Tiince iS-SOnm of buffer layers of Si is beforehand formed on Si02, although it k ;thoupht with 
he above-mentioned conventional technology that it is hard to produce the fikn dry area of S.Ge which 
Tom > Z ^ when using this buffer layer as a base layer, base thickness will become thick substantially 
byTo-50nm of buffer thickness. That is, with the conventional technology, the electronic base transit 
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time's having become long, and the merit which adopted the SiGe base layer for high-speed operation 
having reduced only the part of buffer thickness, and having un-arranged [ which becomes slower than 
the case where the working speed of a transistor forms a base region only by SiGe ], although base 
of a transistor generally became such a high-speed transistor that it is thin. 
[00081 moreover, a polycrystal Si thin film - a mask - carrying out - the insulator layer of the base 
section - etching - although a manufacturing process which is different by membrane formation of 
Polvcrystal Si and membrane formation of SiGe is needed with the above-mentioned conventional 
technology perform SiGe growth behind the bottom, many [ like / it is necessary to suppress the heat 
history in a manufacturing process as much as possible, and / this conventional technology from a 
viewpoint of the thermal effect to a device / as a heat process ] makes it fond, it is, and are not things in 
LSI manufacture in recent years as a result of 

[0009] this invention aims at offering the formation method of a SiGe film that it was able to be made in 
view of the above-mentioned technical problem, it can prevent the SiGe film on an insulator layer being 
ruined and membraneous quality and a membrane resistance can be improved, the manufacture 
method of a heterojunction transistor, and a heterojunction bipolar transistor. 



[Translation done.] 
MEANS 

[Means for Solving the Problem] As a result of having inquired about the membrane formation 
technology of SiGe when this invention persons were germanium composition ratios of the fixed range, 
thev found out that very thin SiGe buffer thickness could also improve a film dry area and resistance 
sharply That is, this invention persons grew the SiGe film into which buffer layer thickness was 
changed, and measured the resistance while they grew the SiGe film which changed germanium 
composition ratio on Si02 and investigated the membrane formation state etc. In addition, drawing 5 , 
drawing 6 and drawing 7 are the SEM photographs of the SiGe film which carried out germanium 
composition ratio to 0.04, and 0.13 and 0.30, respectively. Moreover, drawing 8 is an example of a 
resistance measurement and is a graph which shows sheet resistance of the SiGe film (the thickness 
on germanium composition ratio 0.30 and a buffer layer is the same) at the time of growing up Si film as 
a buffer layer on Si02, and changing the thickness of this buffer layer to 0-5nm. 
[001 1] As drawing 6 - drawing 7 show, in the case where germanium composition ratio is 0.13, it turns 
out that a SiGe film is discontinuity-ized partially, it discontinuity-izes completely in the case of 
germanium composition ratio 0.30, and it does not discontinuity-ize on the whole by the case of 0.04 to 
membranes hardly being formed, but the good membrane formation state is acquired further Moreover, 
as drawing 8 shows, it turns out that resistance is reduced for the thickness of a buffer layer by the 
abbreviation half by 0.5nm, and resistance falls [ thickness ] by 1 figure in 1 nm further 
[0012] Therefore, this invention was the technology based on this knowledge, and the following 
composition was used for it in order to solve the aforementioned technical problem. Namely, the 
formation method of the SiGe film of this invention The buffer formation process which is the method of 
forming a SiGe film on an insulator layer, and forms 1st Si(1-x) Gex film (0<=x<0.05) on the 
aforementioned insulator layer, It has the main film formation process which forms 2nd Si(1-y) Gey film 
(0 05<=y<1) on Si(1-x) Gex film of the above 1st, and the aforementioned buffer formation process is 
characterized by forming Si(1-x) Gex film of the above 1st in [ 0.5nm or more / thickness ] 5nm or less. 
[0013] Since 1st Si(1-x) Gex film is formed in [ 0.5nm or more / thickness ] 5nm or less, the thick buffer 
layer of 10-50nm can be made unnecessary like before, discontinuous-ization (film dry area) of the 2nd 
SiGe film can be improved by the very thin buffer layer, and resistance can also be made ^ jes^t 
sharply in a buffer formation process by the formation method of this SiGe film. In addition, if 1st Si(1-x) 
Gex film is set to at least 0.5nm as mentioned above, the effect of reducing resistance sharply rather 
than the case (only 2nd Si(1-y) Gey film) where 1st Si(1-x) Gex film is not prepared at all will be 
acquired For example, if 1st Si(1-x) Gex film is set to 0.5nm even if 2nd S.(1-y) Gey film is germanium 
composition ratio y= 0.3, resistance can be reduced in an abbreviation half, and more preferably if 1nm, 
1 figure of resistance can be lowered. In addition, having set 1st Si(1-x) Gex film to 5nm or less has the 
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small effect of the reduction in resistance, even if it thickens more than this, and it is for resistance to 

rarilTMoreover, at least, the formation method of the SiGe film of this invention is suitable, when 
forming Si(1-y) Gey film of the above 2nd by the reduced pressure CVD of 0.133Pa or more pressure 
range 1 33x1 04 Pa or less. That is, although reduced pressure CVD has a poss.b.lrty that the film dry 
area of a SiGe film may become remarkable rather than the UHV-CVD which forms membranes by the 
high vacuum, it can acquire the effect of film dry-area suppression notably compared with the growth 
methods such as UHV-CVD, by applying reduced pressure CVD to the membrane formation method of 
2nd Si(1-y) Gey film of this invention. Moreover, since reduced pressure CVD can also obtain a good 
SiGe film easily, they are quantities, such as UHV-CVD. 

[00151 The manufacture method of the heteroj unction transistor of this invention The process which 
forms an insulator layer on Si substrate in which it is the method of manufacturing the heterojunction 
transistor which has the base region of SiGe, and the collector field was formed, The process which 
forms in a part of aforementioned insulator layer the window part which leads to the aforementioned 
collector field The SiGe film formation process which forms the field with which the outgoing line to a 
base electrode is presented on the aforementioned insulator layer while forming a SiGe film in un- 
loosing on the aforementioned window part and the aforementioned insulator layer and forming the 
aforementioned base region on a window part, It has the process which forms the emitter region of Si 
on the aforementioned base region, and the aforementioned SiGe film formation process is 
characterized by forming the aforementioned SiGe film by the formation method of the SiGe film of the 
above-mentioned this invention. . , 

[001 6] Moreover the collector field which the heterojunction transistor of this invention is a 
heterojunction transistor which has the base region of SiGe, and was formed in Si substrate, An 
insulator layer with the window part which is formed on the aforementioned Si substrate and leads to 
the aforementioned collector field, The base region which is formed on the aforementioned window part 
and consists of a SiGe film, and the outgoing line which consists of a SiGe film which was formed on 
the aforementioned insulator layer and connected to the aforementioned base region, It has the emitter 
region of Si formed on the aforementioned base region, at least the aforementioned outgoing hne 1 st 
Si(1-x) Gex film formed on the aforementioned insulator layer (0<=x<0.05), It has 2nd Si(1-y) Gey film 
(0.05<=y<1) formed on Si(1-x) Gex film of the above 1st, and Si(1-x) Gex film of the above 1st is 
characterized by being 0.5nm or more thickness of 5nm or less. 

r0017l With the manufacture method of these heterojunction transistors, and a heterojunction transistor 
2nd Si(1-y) Gey film (0.05<=y<1) is formed on 1st Si(1-x) Gex film (0<=x<0.05), and since 1st Si(1-x) 
Gex film is 0 5nm or more thickness of 5nm or less Since 1st thin Si(1-x) Gex film is used as the buffer 
as a SiGe film of a base region while the SiGe film with which the film dry area was suppressed is 
obtained and being able to carry out [ low **** ]-izing of the base outgoing line on an insulator layer, 
base **** can be made thin as a whole. * • -„ 

[001 8] Moreover as for the manufacture method of the heterojunction transistor of this invention, it is 
desirable that the aforementioned SiGe film formation process is [ germanium composition ratio y of 
Si(1 -y) Gey film of the above 2nd ] within the limits of 0.08<=y<=0.3. Moreover, as for the 
heterojunction transistor of this invention, it is desirable that germanium composition ratio y of Si(1-y) 
Gey film of the above 2nd is within the limits of 0.08<=y<=0.3. ...... 

[00191 With the manufacture method of these heterojunction transistors, and a heterojunction transistor 
since germanium composition ratio y of 2nd Si(1-y) Gey film is within the limits of 0.08<=y<=0.3, a band 
gap suitable as a base region of HBT is obtained. 

[Embodiments of the Invention] Hereafter, the formation method of the SiGe film concerning this 
invention the manufacture method of a heterojunction transistor, and 1 operation gestalt of a 
heterojunction bipolar transistor are explained, referring to drawing 3 from drawing 1 . 
[00211 Drawing 1 shows the rough cross-section structure of the heterojunction bipolar transistor silicon 
HBT) of this invention. If the structure of this HBT is explained together with the manufacture process, 
as shown in (a) of drawing 2 , the pad sub collector field 2 doped by n++ by arsenic placing will be 
formed in p type silicon wafer (Si substrate) 1 front face, and the n-Si epitaxial layer 3 of n type single 
crystal silicon will be further formed in silicon wafer 1 front face by epitaxial growth. 
[0022] Next, as shown in (b) of drawing 2 , it embeds at the n-Si epitaxial layer 3, and the 1st collector 
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well 4 and the 2nd collector well 5 (collector field) which were doped by n+ are generated by Lynn 
Sing so that the sub collector field 2 may be arrived at. and it is shown in (c) of drawing 2 -- as -- the 
tori^S** n-Si epitaxial layer 3 - as an insulator layer - the 1 st S O two-layer (diac.d-.zed silicon 
aver -6 is formed according to a thermal oxidation process then, the 1st S.O two-layer - mask 
processing ^ is performed to 6 it etches alternatively, and the base window part 7 which leads to the 1 st 

SS^itlSlir£ (d) of drawing 2 , the SiGe film 8 is formed in un-choosing on the base 
Sl ' rt 7 and the 1st SiO two-layer 6. This SiGe film 8 has the two-layer structure of the 1st S.(1-x) 
^^S^^im^mu buffer layer, and the 2nd Si(1-y) Gey film (0.05<=y<1) 10 formed 

^WtoMiSm the SiGe film 8, the 1st Si(1-x) Gex film 9 is first ^.^^SS 
eDitax al growth in [ 0.5nm or more / thickness ] 5nm or less on the base window part 7 and the 1st S.O 
Kyer eTuffer formation process). Furthermore, the 2nd Si(1-y) Gey film 10 is formed by non- 

S! Son El5 SK^) Gex S fi.m9 an" [he 2nd Si(1 -y) Gey film 10 form membranes by the 
educed Zn CVD of 0.133Pa or more pressure range 1.33x104Pa or less. Moreover, germanium 
comoosition ratio y of the 2nd Si(1-y) Gey film 10 is more preferably set up within the limits of 
0 oTyS 3 Moreover, while the membrane formation temperature in this reduced pressure CVD is 
600-800 dearees C H2 is used as carrier gas and SiH4 and GeH4 are used as source gas^ 
[0026 ^St tNs membrane formation process, the 1st Si(1-x) Gex film 9 and the 2nd SK1-Y Gey Wm 10 
with which the 1st Si(1-x) Gex film 9 and the 2nd Si(1-y) Gey film 10 wh.ch are formed I in the base 
window part 7 are fomied as an epitaxial layer of a single crystal, and are formed on the 1st S.0 two- 
Zet Tare forrned as a non-eprtaxial layer of a polycrystal. In addition, the 1st . S.(1-x) Gex film 9 and 
the 2nd S?(1 y) Gey film 10 are doped by p by boron. Thus, the base region 11 of the heterojunct.on by 
thp SiGe film 8 is formed in the base window part 7. 

M27] I SeTas mask processing is performed on the 2nd Si(1-y) Gey film 10, it etches alternatively and 
t is shown in (a^ of drawing 3 , it leaves the portion with which the base outgoing hne 12 and a base 
regionTar e preserrted^d the 1st Si(1-x) Gex film 9 and the 2nd Si(1-y) Gey THm ,10 are removed L 
Ermore, the exposed 2nd Si(1-y) Gey film [ which remained as shown .n (b) of *awing_3 ] 10, and 
1st SiO two-laver the 6 top -the 2nd SiO two-layer -13 is formed 

0028? NeS, on the 2nd SiO two-layer 13, mask processing is performed, wet etching is performed 
alternatively and the emitter window part 14 which leads to a base region 1 1 is formed Then, on the 
entoer ^oTpart 14 and the 2nd SiO two-layer 13, Si is grown epitaxially by CVD, S, single crystal 
faver ist formed to the emitter window part 14, and an emitter region 16 is formed. And mask 
SS^Ji^ffomied to the emitter window part 14, it leaves the portion w,th which an emitter region 
16 is Dresented and etching processing removes Si on the 2nd SiO two-layer 1 3 
100291 Next mask processing is performed on the 2nd SiO two-layer 13, wet etching is Performed 
LVerLiveiy and as shown in (c) of drawing 3 , the base-electrode window part 17 which leads to the 
base outg oing line 12, the emitter electrode window part 18 which leads to an emitter region 16, and 
the collector-electrode window part 19 which leads to the 2nd collector we I 5 are formed .Then, H BT of 
this ooeration gestalt is manufactured by embedding a metalhc material alternatively at the base- 
electrode Idow part 17, the emitter electrode window part 18, and the collector-electrode window part 
19, and forming a base electrode 20, the emitter electrode 21, and a collector electrode 22, 

[0030]1n^ formation method of the SiGe film of this operation gestalt ta muhAn method of 
hrt and HBT The 2nd Si(1-y) Gey film 10 (0.05<=y<1) is formed on the 1st Si(1-x) Gex film 9 
« OS Lid I since the 1st SiO-x) Gex film 9 is O.Snm or more thickness of 5nm or less While the 
SiGe film 8 with which the film dry area was suppressed is obtained and being able to carry out [ low 

zing oT he base outgoing line 12 on the 1st SiO two-layer 6, as a SiGe film 8 of a base region 1 1 
Since the 1st thin Si(1-x) Gex film 9 is used as the buffer, as a whole, base *"* becomes thin and can 

$31] SSS^e reduced pressure CVD of 0.133Pa or more pressure range 1.33x104Pa 
or °ess toe 2nd Si(1-y) Gey film 10 is formed and reduced pressure CVD can also obtain a good SiGe 
film easily while being" able "to acquire the effect of film dry-area suppressio n notoblr compared with .the 
growth methods, such as UHV-CVD, the need of using high-vacuum technology, such as UHV-CVD, 
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can be lost, and productivity etc. can be raised In addition, since germanium composition ratio y of the 
2nd Si(1-y) Gey film 10 is within the limits of 0.08<=y<=0.3, a band gap suitable as a base region 1 1 of 
HBT is obtained. 



[Translation done.] 
DRAWINGS 



[Drawing 11 

9 15716 




fDrawing 31 
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[Drawing 51 



Page 13 of 15 



PATENT ABSTRACTS 
OF JAPAN 





[Drawing 71 



Page 14 of 15 



"PATENT ABSTRACTS 
OF JAPAN 



SiGe FILM FORMING METHOD, METHOD OF MANUFACTURING 2001-319935 Mltsubish -Shiono 
HETERO J UNCTION TRANSISTOR AND HETEROJUNCTION 
BIPOLAR TRANSISTOR 




rDrawinq 81 




Thickness of Buffer Si [nm] 



[Translation done.] 
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